12 United States Patent

US0074235738B1

(10) Patent No.: US 7,423,578 B1

Tietjen 45) Date of Patent: Sep. 9, 2008
(54) SPLIT APERTURE ARRAY FOR INCREASED 4,792,805 A * 12/1988 Miglia ...ccccevvvvvvnnnnnnnnn 342/372
SHORT RANGE TARGET COVERAGE 6,084,540 A 7/2000 Yu
6,084,545 A 7/2000 Lier et al.
(75) Inventor: Byron W. Tietjen, Baldwinsville, NY 6163296 A 12/2000 Lier et al.
(US) 6,255,981 B1* 7/2001 Samaniego .............. 342/25 R
_ _ _ 6,356,253 Bl 3/2002 Miller et al.
(73) Assignee: Eoikhgedla/[[?rtﬂé Corporation, 6.891.511 Bl 5/2005 Angelucci
ethesda, MD (US) 7,180,447 B1* 2/2007 Jacomb-Hood ............ 342/374
(*) Notice: Subject to any disclaimer, the term of this 2007/0001897 Al* 1/2007 Alland ....................l. 342/70
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 1 day.
* cited by examiner
(21) Appl. No.: 11/450,498 _ _ _ _
Primary Examiner—Timothy A Brainard
(22) Filed: Jun. 9, 2006 (74) Attorney, Agent, or Firm—Howard IP Law Group, PC
(51) Int.Cl. (57) ABSTRACT
GOLS 13/00 (2006.01)
(52) US.CL ..., 342/59;5243/5 871';334432//783 5,, A phased array radar system comprising a plurality of radi-
_ _ _ " ating elements configured 1n a common array aperture for
(58) Field of Classification Search ................... 342/81f detecting and tracking targets; and a transmit and receive
342/27, 59, 83, 157, 394, 368377, 442, arrangement responsive to a first control signal for configur-
L 343/ 72, >, 151,770 ing the plurality of radiating elements to define a plurality of
See application file for complete search hustory. sub-apertures from the common array aperture for detecting
(56) References Cited and tracking shor:t range targets, wherein the plurality of
sub-apertures are independently steerable array apertures.
U.S. PATENT DOCUMENTS
4,649,388 A * 3/1987 Atlas ..., 342/26 D 11 Claims, 4 Drawing Sheets
200
100 202 /
201 \
/ TRANSMITTER
212
~ (] 000’0 00 RECEIVER | _| SIGNAL _ DATA
A1 < O 00000 BEAMFORMER PROCESSOR PROCESSOR | /
O 0 0O0O0O0QO0 _
A0 0.0 00 O 214~ 204 215\\206 218~ 208 | DISPLAY
____________ 00 0000 =
000000 RECEIVER | [ SIGNAL | | [  DATA |
A2 O 00 0O0O0 BEAMFORMER PROCESSOR PROCESSOR
0 p 0000
M
) - TRANSMITTER =
101 \_
2
205 2! CONTROL
N-210
MEMORY

\148



US 7,423,578 B1

Sheet 1 of 4

Sep. 9, 2008

U.S. Patent

LU

1O |

001



US 7,423,578 B1

Sheet 2 of 4

Sep. 9, 2008

U.S. Patent

l

AVIdSIO | 80T~

B | ./
AYOWIN
OlC
._o.,.:zoon_
T4 —NJ
- ‘Y@:zmzéh
40SSID0YUd NOSSIDN0¥d NINYOINVYIE
~vIva TYNOIS 43AIF03Y
Hm_w 907 /m:N 02 rﬁ;N
NOSSIN0Yd NIWHOINYIE
TYNOIS 43AI303Y

4O0SS3ID0Yd
V1VQ
ole

3LLINSNVYL

00c

¢0cC




US 7,423,578 B1

Sheet 3 of 4

Sep. 9, 2008

U.S. Patent

A

8V 1
_ AGONWIN _

Ol¢
_ ._oﬁzool_|||_
¢l / A4
_ B
| | ¥yoss3noud INYOINV3S
| TVNOIS 4IAIFOIY

.I _ - N _...--._
| V12 .
AV1dSId _ momJ _momuvm_m WomJl |
\ 40SS3008d | | [ ¥oss3noud | [y3Inyoinv3a
V1VQa _ TYNOIS | ¥3AI303Y
Z12 e m = —
I — _zut_zmzqﬁ
L
fmom
00S

001



US 7,423,578 B1

Sheet 4 of 4

Sep. 9, 2008

U.S. Patent

203
201
205

O
N
-F-\I-i —
ATE

— —— e T D RS ..V, *.I'.“illj_lilli._ll_ll l+'*l*iﬁgﬂ*l*l+l+l+'+ﬂ
ST ST IR T [ R S 0TI Hllstelelelalelels’elele o lole o)l /o0 e ele ool 0la e 0 0 0s
ojolslelelelelelololelolelele jolelelelileleleleleto o0l sttt tete etatetetetetellateteletelelele tolelele ele s
I I Y I NS e A oottt drtrgretetataliStatetetatetetelatatetelelels!
010101010,0,01000(0(6(6/0/0,0/(000/6/0,0,0,2,0,0,0,¢/0,0,6,6 BlSteteteteteteteteletololelele][olelolelelelsle o o ote o 0te)
olelelelelelelelelelelee'0le]0]0l00e 0 0 0 0 0 0 0 0 s 0 9,010/6.0/0/016.6/0.0.0.010/0//(6(6,6.6,0,6,6,6,6,6,0,0,0.0.9
NN +.*.*.*.+.+.+.*.+.+..¢.'+. '.0...0..+.+.+.+.*.+.+.+.+.*.4..+.L_ K H A .+.*.+.+’*‘+.+’+‘+‘ ..’.4...0..*.‘...0.’.’..*.‘..+.+.4..+.¢...A
etetetetaletelelelatatatelotel|lofoleleleleletetelelel o lelele oﬂoﬂoﬂoﬂoﬂoﬁﬁﬁﬁﬁfo+o+t+o ojolelelelelvloelel0 0 elele
olelelelelelelelolelelelolote lofoleleleleele elelelele ele! ojolelelelelolelelelolelolole] 0l 0 0/0 0 0 0 0 0l0 0 0 0/0,
et atate e titsatetetetotellatetutetateleteleteletetelele cH.Hoﬁoﬁoﬂtﬂcﬁoﬂcﬂoﬁoﬂoﬂﬂoﬁo 0H0+o+o+oﬁ+¢+o+o+o+¢+¢$u+u+m
slelelelelsisloleleielelelelel oolelelololeleleiolele elol T tetatetatototatetetell[otetelatetoteleteteteteletets
DOOOOOOC
G R aaa3333333 O S s Hete
9.0.0.0.0.8.0 [ _ 00,008
ro¥eleleletelelsl folelelelele||lotele e e el Tolelele o le ele; olelelelelelelel0lelele o nle ]/ 0le 0 0 0 0 0 00 0 0 e 000
Fotitetetetetelelllateleteleletitelelelelelelele. olelelelele’elele 0 0 e ele ]| lv]elel0/ele s 00 0 e 0 0 00,
s e S R000080s3
; Y, 0 009,090 .0.0.0.0.0.0.0.0,) ++++++{f+.§.+;
QRQLQQOGLIOHIL SRR HRERA L L L R alololelelelelololelelelsle! i) olololelelelolelol0l0 e e 0le
R R R R 3 BRI B OIS .Hoﬂoﬁ.ﬂoﬂoﬂoﬁ.ﬂ.ﬂ.ﬂ.ﬂ. tole!llelelelelolelelelelelele 0 0le;
otelelelelele olatelele e lele][le e elelel e lo o e e e e e el ololelelelolololnlelelolele])s [0/elelel0 0 0le 0,0 0 0 0 000
Wﬂoﬂﬁﬁoﬂoﬂoﬂ Joislelelolelele olelelelelile! -Hoﬂoﬂuﬂuﬂuﬂuﬂu“ 4 LI L o 1 "+u+u+u+"+u+n+n+uHanHnHuﬂuﬁuh
et et et atetatatal [atatatatat et tatatatatatata atatatatatatatatatatatatalialjatatatetetatatatatatatetatata
_ — m —— o T i

F1G.

F 1

e

F1G.



US 7,423,578 Bl

1

SPLIT APERTURE ARRAY FOR INCREASED
SHORT RANGE TARGET COVERAGEL

FIELD OF INVENTION

The present mvention relates generally to radar systems
and more specifically to a system and method for enabling
short range array antenna coverage without significantly
impacting long range performance.

BACKGROUND

The detection and tracking of a target object or objects 1s
typically accomplished with radio detection and ranging,
commonly known as radar. Radar systems typically emuit
clectromagnetic energy and detect the reflection of that
energy scattered by a target object. By analyzing the time
difference of arrval, Doppler shiit, and various other changes
in the reflected energy, the location and movement of the
target object can be calculated. Phased array antenna systems
employ a plurality of individual antenna elements or subar-
rays of antenna elements that are separately excited to cumu-
latively produce a transmitted electromagnetic wave that 1s
highly directional. The radiated energy from each of the 1ndi-
vidual antenna elements or subarrays 1s of a different phase,
respectively, so that an equiphase beam front or cumulative
wave front of electromagnetic energy radiating from all of the
antenna elements in the array travels 1n a selected direction.
The differences in phase or timing among the antenna acti-
vating signals determines the direction in which the cumula-
tive beam from all of the individual antenna elements 1s
transmitted. Analysis of the phases of return beams of elec-
tromagnetic energy detected by the individual antennas 1n the
array similarly allows determination of the direction from
which a return beam arrives. Such processing as described
above 1s well known to those of ordinary skill in the art.

A pulse based radar system scans a field of view and emits
timed pulses of energy. Such radar systems, including, for
example, CTA type radar systems, can require both short
range and long range target detection and tracking. Long
range (e.g. on the order of 60 kilometers (Km) or more)
detection performance requires relatively long pulse repeti-
tion intervals (PRI). A narrow beam 1s typically required for
long range target detection and tracking.

A conventional radar array having a plurality of radiating
clements 100 configured to define an array aperture A for
generating a narrow beam for long range detection and track
performanceis depicted in FI1G. 1. The longer PRI reduces the
probability of detecting high vertical velocity, shorter range
targets (e.g. targets within about 15 Km). In order to alleviate
this problem, systems may utilize separate short range (SR)
and long range (LR) pulses 1n an attempt to cover all target
ranges. However, even with SR pulses, significant limitations
exist 1n conventional radar systems processing and imple-
mentation.

For example, short range detection and localization perior-
mance of conventional radar systems 1s typically not limited
by target signal-to-noise ratio (SNR), but rather by the num-
ber of look opportunities of the target by the radar. This
number 1s limited by such factors as high target vertical
velocities, elevation beamwidth, and target revisit rate. More
specifically, short range target detection and localization 1s
usually not a function of SNR, because such short range
targets typically have SNRs well 1n excess of typical thresh-
old detection levels. However, the problem lies with the num-
ber of look opportunities with which to detect, track and
localize a target with suificient accuracy to evaluate a projec-
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tile launch or impact point. A radar system utilizing a narrow
beam long range pulse for detecting and tracking targets may
operate quite elfectively for long range objects; however,
such a system may be madequate to track short range objects
having high target vertical velocities, which require much
greater processing and response time, but which does not
require such narrow beamf(s). Alternative techniques for
detecting and tracking both long range and short range targets
within a single radar system 1s desired.

SUMMARY OF THE INVENTION

The mvention relies 1n part on recognition of the problem,
and 1n providing a solution for enhancing short range target
coverage without significantly impacting long range perfor-
mance 1n a radar array system.

The invention takes advantage of the signal excess charac-
teristic of short range targets to effectively increase the num-
ber of look opportunities for such short range targets.

According to an aspect of the present invention, a radar
array having a plurality of configurable radiating elements,
which plurality defines a common aperture A of the array, 1s
clectronically segmented or sectored 1into two independently
steerable arrays, each having an aperture substantially half of
the common aperture A. The two independently steerable
arrays are configured vertically one on top of the other and
processed separately 1n order to effectively double the eleva-
tion beamwidths 1n both the transmait and receive beams with-
out the need to spoil the beam, while also doubling the num-
ber of beams that can be used, thereby efiectively doubling
the target revisit rate.

In one aspect of the invention, a phased array radar system
having a plurality of radiating elements configured 1n a com-
mon array aperture of mxn elements comprises a controller
responsive to a control signal for configuring a first subset of
the elements of the common array aperture into a first sub-
aperture for providing a first interrogating beam; and for
configuring a second subset of the elements of the common
array aperture distinct from the first subset, into a second
sub-aperture for providing a second interrogating beam. Each
of a pair of transmitters 1s coupled to a corresponding one of
the first and second sub-arrays and responsive to the control-
ler for generating the first and second interrogating beams, the
beams being independently steerable. A pair of receiver
beamiormers, each coupled to a corresponding one of the first
and second sub-arrays, provides beamiormed output data
indicative of target reflections from each of the first and
second interrogating beams. A signal processor 1s responsive
to the beamiormed output data for determining target detec-
tion and tracking according to each sub-array.

According to another aspect, in a phased array radar system
having a plurality of radiating elements configured 1n a com-
mon array aperture of mxn elements, a method for detecting
and tracking targets comprises: electronically segmenting the
common array aperture of mxn elements into a first sub-
aperture comprising a first subset of the mxn elements defin-
ing a first sub-array, and a second sub-aperture comprising a
second subset of the mxn elements distinct from the first
subset defining a second sub-array; 1n a first mode, generating
a first interrogating beam from the first sub-array, and a sec-
ond interrogating beam from the second sub-array, the first
and second interrogating beams differing in at least one of
frequency, phase, and beam pointing direction; indepen-
dently steering the first and second interrogating beams;
receiving beamiormed data from each of the first and second
sub-apertures corresponding to the interrogating beams, and
independently processing the beamiformed data to provide
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target information for each of the first and second sub-aper-
tures; and 1n a second mode, coherently operating the firstand
second sub-arrays to generate a narrowband interrogating
beam of a given frequency; receiving beamformed data from
cach of the first and second sub-apertures corresponding to
the narrowband interrogating beam, and combining the
beamformed data to provide target information indicative of
the full common array aperture.

BRIEF DESCRIPTION OF THE DRAWINGS

Understanding of the present invention will be facilitated
by consideration of the following detailed description of the
preferred embodiments of the present invention taken 1n con-
junction with the accompanying drawings, in which like
numerals refer to like parts, and wherein:

FIG. 1a 1s a front view of an aperture of a phased array
antenna system.

FIG. 2 1s a simplified block diagram of a split aperture array
configuration useful for short range target detection and
tracking according to an embodiment of the present mven-
tion.

FI1G. 3 1s a ssmplified block diagram of a split aperture array
configuration useful for long range target detection and track-
ing according to an embodiment of the present invention.

FIG. 4 1s a schematic 1llustration of two electronically
steerable arrays and associated beams corresponding to the
embodiment of FIG. 2 useful for short range detection and
tracking.

FIG. 5 1s a schematic illustration of a narrow beam corre-
sponding to the embodiment of FIG. 3 usetul for long range
detection and tracking.

DETAILED DESCRIPTION

It1s to be understood that the figures and descriptions of the
present invention have been simplified to i1llustrate elements
that are relevant for a clear understanding, while eliminating,
tfor the purpose of clarity, many other elements found 1n radar
systems and methods of making and using the same. Those of
ordinary skill in the art may recognize that other elements
and/or steps may be desirable 1n implementing the present
invention. However, because such elements and steps are well
known 1n the art, and because they do not facilitate a better
understanding of the present invention, a discussion of such
clements and steps 1s not provided herein.

Referring now to FIG. 1a, there 1s shown a front view of a
phase array antenna system 100 having an aperture A shown
by way of example and not limitation, and including a rect-
angular array of mxn antenna elements 101 arranged 1n rows
and columns. The antenna elements are each associated with
respective transmit/receive (1/R) modules (not shown). Such
radiating elements may be dipoles, monopoles, and/or other
such radiators as 1s understood 1n the art. Each T/R module or
clement provides the active transmit/receive electronics
required to operate the antenna element in transmit and
receive mode. In an exemplary embodiment, each T/R mod-
ule comprises a circulator coupled to a variable attenuator or
amplitude shifter via low noise recerve amplifier. A phase
shifter may be switchably coupled via a T/R switch to trans-
mit to a high power amplifier or to a variable attenuator for
operation in either a transmit or recerve mode of operation.
The phased array of antenna elements are configured 1n a
regular, periodically spaced grid as 1llustrated in FIG. 1a.

It 1s understood that such aradar system 1s known in the art.
Many such radar systems are known, including for example,

the system as depicted 1n U.S. Pat. No. 6,084,540, entitled
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“Determination of Jammer Directions Using Multiple
Antenna Beam Patterns™ assigned to Lockheed Martin Cor-
poration, the assignee herein, the subject matter thereof imncor-
porated herein by reference. Therein, an array antenna
receives antenna beam pattern control signals over a signal
path, for controlling the beam pattern. Those skilled in the art
know that the beam pattern of an array antenna can be con-
trolled to produce one or more directed beams, which may be
broad, or ofthe narrow band or “pencil” type. Since control of
an array antenna does not involve moving any physical object,
control of the beam direction can take place almost instanta-
neously. Consequently, multitudes of directional beams can
be generated 1n sequence 1n a very short period of time. As an
alternative, the antenna beam controls can be adjusted to
simultaneously produce multiple directional beams. In FIG. 1
of U.S. Pat. No. 6,084,540, three representative beam patterns
are 1llustrated, which point 1n different directions from the
antenna, as might be desirable when tracking multiple radar
targets. The directional patterns each include a plurality of
sidelobes. Each sidelobe 1s separated from the adjacent side-
lobe, and from any adjacent main lobe, by anull in the antenna
or beam pattern.

Referring now to FIG. 2, there 1s shown a block diagram of
an exemplary split aperture array configuration 200 for short
range target detection and tracking according to an embodi-
ment of the present invention. As illustrated therein system
control function module 210 1includes processor control logic
for generating array control commands for controlling trans-
mit and receive functions of T/R modules or elements 101 1n
the phased array antenna assembly 100 on a per-element
basis. In one embodiment, radar array 100 has a plurality of
radiating elements 101 configured 1n a common array aper-
ture A of mxn elements. When the system 1s to be operated in
a short range detection/tracking mode, transmit control com-
mands are generated from control processor 210 and are
provided to each of a pair of transmit modules 202, 212
coupled to the array. Fach transmit module (202, 212)
includes wavetorm generator and exciter circuitry for elec-
tronically separating the common array aperture A ol mxn
clements into a first sub-aperture A1 comprising a {irst subset
of the mxn elements, and a second sub-aperture A2 compris-
ing a second subset of the mxn elements. In a preferred
embodiment, wavelorm generator and exciter modules oper-
ate to split the array aperture A electronically into two sub
arrays of aperture A1 and A2, one on top of the other, with Al
and A2 each equal to A/2. That 1s, sub aperture Al defines a
first subarray 201 of size m/2xn elements, and sub aperture
A2 defines a second subarray 203 of size m/2xn elements. Of
course, 1t 1s understood that each of the subarrays may be
segmented into less than one half of the full aperture common
array, according to the particular application, mode, and sys-
tem requirements. The transmitter/exciter circuitry transmits
signals to the phased array antenna assembly and hence to
cach of the subarrays for providing two independently steer-
able arrays. In a preferred embodiment, the split aperture
short range mode provides for two simultaneous beams hav-
ing twice the beamwidth as that of a single beam formed via
the full array aperture A enabling an increase in short range
coverage of about 4:1.

Referring now to F1G. 4 1n conjunction with FIG. 2, in short
range mode the system operates to provide two transmit
beams F1, F2, respectively, from sub-arrays 201, 203 simul-
taneously for short range target detection and tracking. The
transmit beams may be broader beams for increased elevation
coverage lor short range targets such as missiles or other
projectiles. The widened beams 1n elevation are enabled by
the high SNR margin associated with short range targets and
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may ellfectively increase coverage by a 2 to 1 ratio. In general,
the transmit or interrogating beams differ 1n at least one of
frequency, phase, and beam pointing direction, as controlled
by the processor control logic 210. For short range (SR) pulse
wavelorms the number of search beams i1s effectively
doubled, as twice as many beams elfectively double the target
revisit rate.

In an exemplary configuration, short range half aperture
processing 1s accomplished using an SR pulse width of about
1 to 10 microseconds (us) with a PRI of about 40 to 100 us.
The pulse widths and PRI for each of the beams of the dual
apertures Al, A2, would each be of the same duration, but of
different frequency and pointing direction, with transmission
(and subsequent reception) occurring at the same times for
cach sub array. In other words, both transmit beams out from
apertures Al, A2 would be output at the same time, and both
receive beams would be received by the separate beamiorm-
ing circuits at the same time.

Still referring to FIG. 2, for recetve beam processing,
reflected signal data 1s recerved via each of apertures Al and
A2 and separately processed by receiver circuitry modules
204, 214, respectively. Beamiormer signal outputs from each
sub-array are down converted via an RF downconverter
arrangement, A/D converted into digital form, and applied
separately to produce desired beams. The signals represent-
ing the various beams are applied to signal processor logic
206, 216 which performs target signal detection and location
processing, weight calculations (including, e.g. adaptive
weight calculations), antenna nulling, and other signal pro-
cessing of the recerved wavetorms as 1s understood by those
of ordinary skill in the art. Signal processor logic may be
operatively coupled to one or more memory units (not shown)
for storing, retrieving and processing array information
including calibration data in the form of mutual coupling
coellicients, dynamic range and SNR data, transmit power
and recerved signal strength, for example. The beamiormer
and signal processor modules may also include or be opera-
tively coupled to signal detection circuitry and functionality
tor detecting and processing the transmitted/recerved signals,
including detection of null conditions and threshold compari-
SOnS.

Control Processor 210 may also include or be operatively
coupled to performance monitoring and fault detection cir-
cuitry for processing and identifying failed or degraded ele-
ments for later maintenance or replacement.

The output of signal processor modules 206, 216 are fed
into data processor logic 208, 218, which operate to perform
target detection and location processing of the target data
associated with each of the sub apertures A1, A2, and fed to a
display unit 220 for displaying the information to a user.

The beamiormer recerver in general provides for the appli-
cation of phase shifts to each element (via phase shifters), and
then sums the result. Further filtering and analog to digital
(A/D) conversion may also be included. The signal processor
will operate on this digital data to further filter the signal as
needed, perform pulse compression, Doppler filtering, mag-
nitude detection, and thresholding for target detection as 1s
well known to those skilled 1n the art. The data processor
coupled to the signal processor will use this target detection
data to form trackers which track the targets and determine
target characteristics, such as trajectory, and launch and/or
impact points as 1s well known to those skilled in the art. The
control processor serves to coordinate the full and half aper-
ture modes by providing the appropriate control functions to
the array elements and the transmit/receive processing. This
will include the proper phase shifts to each element during
transmit and recerve when transmitting and recerving the full
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aperture (long range) pulse or sub-aperture (short range)
pulse as 1s understood by those skilled in the art.

The separately controlled arrays and separate receiver pro-
cessing enable partial aperture (1.e. A1, A2) performance to be
obtained. In a preferred embodiment, different transmit beam
frequencies are utilized for each sub-aperture.

By splitting the array into two separate apertures, the sys-
tem experiences a performance loss of about 9 dB. This
results from about a 3 db loss from each of the widened
transmit and recetve beams, and a 3 dB loss 1n power. How-
ever, Tor short range targets, SNR 1s typically high due to the
relatively short distances ivolved, thereby mitigating prob-
lems associated with power loss.

In accordance with another aspect of the present invention,
for long range target detection and tracking, the two split
aperture configuration can be used coherently to form a nar-
rower beam for long range application without suffering long
range performance degradation. FIG. 3 illustrates the con-
figuration for operating the radar system of the present inven-
tion 1n a long range target detection and track mode. Like
reference numerals depicted 1n FIG. 2 are used to indicate like
parts. In long range mode, control module 210 operates to
control each of the transmatters 202, 212 coherently to enable
elfectively full aperture (1.e. aperture A) performance.

In an exemplary embodiment, and referring now to FIG. 3
in conjunction with FIG. 5 in long range mode, signal data
corresponding to the same frequency, phase and beam point-
ing direction 1s applied to both transmitter modules 202, 212
via controller 210 so that the interrogating beams output from
cach of apertures A1, A2 coherently form a narrow beam F3
(FI1G. 5) for long range detection and track performance.

In an exemplary configuration, long range full aperture
processing occurs using an LR pulse width of about 20 micro-
seconds (us) or greater, with a PRI greater than about 200 us.
The transmit beams may be generated using phase locked
loops, or may be generated via direct digital conversion, for
example. The transmitters are coherent 1n time and properly
phased. A common clock or clock signal may operate to drive
cach of the separate transmitters such that the exciters are 1n
lock step with one another. The exciter modules associated
with each of the transmitters blocks 202, 212 are then acti-
vated simultaneously. The two exciter modules produce
essentially the same wavelorms which are controlled to the
same phase, and the antenna elements are appropnately
phased so that the apertures Al, A2 operate as a single full
aperture A. It1s understood that phasing of each of the antenna
clements 1s within the skill of one of ordinary skill 1n the art,
and further description 1s omitted for brevity. Similar opera-
tion occurs for the receive beam processing wherein the ele-
ments are phased and the output of each subarray 1s combined
(e.g. added) to produce an output associated with a full array
aperture A. Because the operation 1s a linear operation, the
signal processing adds the output from each beamformer
together to provide a received signal associated with the full
array.

The long range (LR) pulse waveforms enable long range
detection and tracking using the full aperture A of the phased
array antenna. As in the short range mode, the reflected signal
data 1s recerved via each of apertures Al and A2 and sepa-
rately processed by receiver circuitry modules 204, 214.
Beamformer signal outputs from each sub-array are down
converted via an RF downconverter arrangement, A/D con-
verted into digital form, and applied separately to produce
desired beams. The signals representing the various beams
are then coherently combined from signal processor logic
206, 216 to form full aperture array beam signal and applied
to data processor detector and tracking module 208. The
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output of data processor 208 is fed to a display unit 220 for
displaying the information to a user.

As 1dentified in FIGS. 2 and 3, processor 210 operates 1n
conjunction with memory 148 which comprises an operating
system that contains the various execution commands neces-
sary to control the array hardware/software and 1ts operation.
In addition, the processor and memory include functionality
selection adapted to automatically select or transition to a
given mode of operation in response to a control signal or user
input, and perform the processing steps associated with the
long range and short range techniques described herein.

Furthermore, it 1s understood that the control processor
implementing one of long range or short range waveform and
target detection/tracking may switchably couple to the signal
processor arrangement as depicted in FIG. 3 for coherently
combining the beamformer output data to provide full aper-
ture array data according to a first switch position (S1), or
decouple the signal processor arrangement as depicted 1n
FIG. 2 for separate parallel processing of the beamiformer
output data to provide partial aperture data via a second
switch position (52). Such switching or reconfiguration may
be embodied as one or more mechanical, electrical, software,
or logically related switching functions associated with con-
figuring the antenna system according to the required opera-
tional mode of the array.

The processor, memory and operating system with func-
tionality selection capabilities can be implemented 1n soft-
ware, hardware, firmware, or a combination thereof. In a
preferred embodiment, the processor functionality selection
1s implemented in software stored in the memory. It 1s to be
appreciated that, where the functionality selection 1s 1mple-
mented 1n either software, firmware, or both, the processing
instructions can be stored and transported on any computer-
readable medium for use by or in connection with an mnstruc-
tion execution system, apparatus, or device, such as a com-
puter-based system, processor-containing system, or other
system that can fetch the instructions from the instruction
execution system, apparatus, or device and execute the
instructions.

Further, 1t 1s understood that the subject invention may
reside 1n the program storage medium that constrains opera-
tion of the associated processors(s), and 1n the method steps
that are undertaken by cooperative operation of the processor
(s) on the messages within the communications network.
These processes may exist 1n a variety of forms having ele-
ments that are more or less active or passive. For example,
they exist as software program(s) comprised of program
instructions 1n source code or object code, executable code or
other formats. Any of the above may be embodied on a com-
puter readable medium, which include storage devices and
signals, 1n compressed or uncompressed form. Exemplary
computer readable storage devices include conventional
computer system RAM (random access memory), ROM
(read only memory), EPROM (erasable, programmable
ROM), EEPROM (electrically erasable, programmable
ROM), tlash memory, and magnetic or optical disks or tapes.
Exemplary computer readable signals, whether modulated
using a carrier or not, are signals that a computer system
hosting or running the computer program may be configured
to access, including signals downloaded through the Internet
or other networks. Examples of the foregoing include distri-
bution of the program(s) on a CD ROM or via Internet down-
load.

The same 1s true of computer networks 1n general. In the
form of processes and apparatus implemented by digital pro-
cessors, the associated programming medium and computer
program code 1s loaded 1nto and executed by a processor, or
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may be referenced by a processor that 1s otherwise pro-
grammed, so as to constrain operations of the processor and/
or other peripheral elements that cooperate with the proces-
sor. Due to such programming, the processor or computer
becomes an apparatus that practices the method of the inven-
tion as well as an embodiment thereof. When implemented on
a general-purpose processor, the computer program code seg-
ments configure the processor to create specific logic circuits.
Such vanations in the nature of the program carrying
medium, and 1n the different configurations by which com-
putational and control and switching elements can be coupled
operationally, are all within the scope of the present invention.

As shown and described herein, the present invention pro-
vides for long range detection and localization performance
of a tull aperture array A while providing a 4:1 increase 1n
target coverage for short range targets or projectiles. The
present mnvention takes advantage of the SNR margin for
short range targets and widens transmait and recetve beams 1n
clevation to increase coverage by 2:1 1n short range mode,
while doubling the number of search beams for short range
wavelorms, thereby quadrupling short range target coverage.
By implementing the split aperture parallel processing con-
figuration and SR wavetorm pulses for short range detection/
track, and long range coherent narrow band single beam
processing configuration for LR waveform pulses and long
range detection/track, baseline templates are not impacted,
while providing twice the number of short range beams in the
same amount of time. The increased coverage for SR targets
will also allow more track-while-scan processing to avoid
impact to the timeline by reducing the number of dedicated
track beams necessary to verity/track targets.

By way of example only, a radar system embodying the
principles of the present invention may be operated as fol-
lows. A series of: (a) eight SR beam transmission bursts are
sequenced at given time intervals at given azimuths, followed
by: (b) a single LR beam transmission at a given azimuth. The
sector to be scanned 1s then swept by repetitive processing of
the above steps (a) and (b) until the entire sector (e.g. +/-45
degrees) 1s scanned. Each of the SR beam transmission
sequences consists of simultaneous transmissions of an SR
pulse of a given PRI from each exciter 1n transmitter 202 and
transmitter 212, respectively, followed by subsequent simul-
taneous receiver beamiforming reception via beamiormers
204, 214, respectively (and subsequent signal and data pro-
cessing) for partial array aperture processing associated with
cach SR beam. Each LR beam transmission consists of an LR
pulse of a given PRI simultaneously and coherently transmuit-
ted by each of transmitters 202, 212, to effectively form a
single narrow beam, followed by subsequent simultaneous
receiver beamiorming reception via beamiormers 204, 214,
respectively (and subsequent signal and data processing) for
tull aperture array processing. This 8 SR/1 LR sequencing,
system configuration and processing, continues until the
entire sector 1s scanned. In this manner, both LR and SR
targets are detected, tracked and localized within a single
radar having a common array aperture. Of course, other
sequencing and repetition rates are contemplated.

The present 1invention finds application i various radar
array systems and subsystems, including, for example, CTA-
type radar systems and counter-fire radars that provide or
require simultaneous long and short range capabilities.

While the present invention has been described with refer-
ence to the illustrative embodiments, this description 1s not
intended to be construed in a limiting sense. Various modifi-
cations of the illustrative embodiments, as well as other
embodiments of the invention, will be apparent to those
skilled in the art on reference to this description. It1s therefore
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contemplated that the appended claims will cover any such
modifications or embodiments as fall within the true scope of
the 1nvention.

What 1s claimed 1s:

1. A plurality of radiating elements configured in a com-
mon array aperture for detecting and tracking targets in a long
range mode or a short range mode of operation; a control
processor operatively coupled to a pair of exciter and receiver
arrangements coupled 1n parallel to said array, said control
processor responsive to a control signal for configuring said
plurality of radiating elements to define a pair of sub-aper-
tures from said common array aperture for detecting and
tracking targets, wherein said pair of sub-apertures are each
independently steerable array apertures, each subaperture
communicating with a respective one of said pair of exciter
and receiver arrangements;

wherein said short range mode, each of said exciter pairs 1s
responsive to a corresponding pulse wavelorm to form
separate beams from said subapertures differing 1n at
least one of frequency, phase, and beam pointing direc-
tion;

wherein 1n said long range mode, each of said exciter pairs
1s responsive to a corresponding pulse wavetorm of the
same frequency, phase, and beam pointing direction to
coherently combine signal data to form a single narrow-
band beam from said subapertures.

2. The system of claim 1, wherein in said short range mode
said pair of sub-apertures comprises a first aperture for pro-
viding a beam at a first frequency, and a second aperture for
providing a beam at a second frequency.

3. The system of claim 1, further comprising a display for
displaying output data associated with said detected and
tracked short range targets.

4. The system of claim 1, wherein said short range target
distance 1s less than about 15 kilometers.

5. A phased array radar system having a plurality of radi-
ating elements configured 1n a commeon array aperture of mxn
clements, said system comprising:

a controller for configuring a first subset of said elements of
said common array aperture into a first sub-aperture for
providing a first interrogating beam; and a second subset
of said elements of said common array aperture distinct
from said first subset, into a second sub-aperture for
providing a second 1nterrogating beam;

a pair of transmuitters, each one coupled to a corresponding
one of said first and second sub-arrays and responsive to
said controller 1n a first mode for simultaneously gener-
ating said first and second interrogating beams, said
beams being independently steerable;

a pair ol receiver beamiormers, each one coupled to a
corresponding one of said first and second sub-arrays for
providing beamiormed output data indicative of target
reflections from each of said first and second interrogat-
ing beams;

a signal processor arrangement responsive to said beam-
formed output data for determining target detection and
tracking according to each said sub-array; wherein said
controller 1s operable for providing in said first mode a
signal waveform to said pair of transmitters differing in
at least one of frequency, phase, and pointing direction to
generate said first and second interrogating beams; and

wherein said controller 1s operable for providing 1n a sec-
ond mode a signal waveform to said pair of transmuitters
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of the same frequency, phase, and beam pointing direc-
tion such that the interrogating beams are coherently
combined into a single narrowband beam output from

said subarrays and corresponding to the full array aper-
ture.

6. The system of claim 5, wherein the signal processor
arrangement comprises a pair of digital signal processors,
cach coupled to a corresponding one of said pair of beam-
formers.

7. The system of claim 6, wherein said first sub-aperture 1s
about one half of said common array aperture, and wherein
beamiorming data recerved by said pair of digital signal pro-
cessors 1s coherently combined for determining target detec-
tion and tracking in said second mode.

8. The system of claim 6, wherein 1n said first mode, said
signal waveform comprises a pulse width of about 1 to 10
microseconds and a pulse repetition interval of about 40 to
100 microseconds.

9. In a phased array radar system having a plurality of
radiating elements configured 1n a common array aperture of
mxn elements, a method for detecting and tracking targets
comprising;

clectronically separating said common array aperture of

mxn elements 1nto a {irst sub-aperture comprising a first
subset of said mxn elements defining a first sub-array,
and a second sub-aperture comprising a second subset of

said mxn elements distinct from said first subset defin-
ing a second sub-array;

in a first mode, generating a first interrogating beam of a
first frequency from said first sub-array and a second
interrogating beam of a second frequency from said
second sub-array, said first and second interrogating

beams differing 1n at least one of frequency, phase, and
beam pointing direction; mdependently steering said
first and second 1nterrogating beams; recerving beam-
formed data from each of said first and second sub-
apertures corresponding to said interrogating beams,
and independently processing said beamiormed data to
provide target information for each of said first and
second sub-apertures;

in a second mode, coherently operating said first and sec-
ond sub-arrays to generate a narrowband interrogating
beam of a given frequency corresponding to the full
common array aperture; receiving beamformed data
from each of said first and second sub-apertures corre-
sponding to said narrowband interrogating beam, and
combining said beamiormed data to provide target infor-
mation indicative of the full common array aperture.

10. The method of claim 9, wherein said first sub-aperture
1s about one half of said common aperture.

11. The method of claim 9, wherein said generating said
first and second interrogating beams comprises providing a
pulse wavelorm differing 1n at least one of frequency, phase,
and pointing direction, to corresponding first and second
transmitters 1n communication with said respective subaper-
tures, and wherein said generating said narrowband 1nterro-
gating beam comprises providing a pulse waveform of the
same frequency, phase, and pointing direction, to correspond-
ing first and second transmitters 1n communication with said
respective subapertures.
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